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The  recent development of small-bowel biopsy 
instruments  (1,  2)  has  made  fresh  specimens  of 
human  intestinal  mucosa  readily  available  for 
histological  examination.  Previously  such  ma- 
terial was  obtainable only  at  autopsy  or  at  the 
time of abdominal surgery. These instruments have 
already provided specimens for histological studies 
of the  intestinal mucosa under  normal conditions 
and in malabsorption syndromes (3-6). The exten- 
sion  of  such  studies  to  the  examination  of  fine 
structure  cytology  and  cytopathology  depends 
upon  the  ability  of  this  technique  to  deliver  a 
specimen  suitable  for  electron  microscopy.  The 
accompanying electron micrographs are intended 
to  demonstrate  that  these  specimens  are  indeed 
suitable for studies of ultrastructure. 
All of the tissue for the work reported here was 
biopsied with  the Crosby capsule, the design and 
operation  of  which  have  been  reported  in  detail 
(2). Briefly: The patient swallows the instrument, 
a  stainless steel capsule  to  which  is attached  an 
adequate  length  of  small-diameter polyethylene 
tubing.  When  the  capsule  has  reached  the  de- 
sired  region,  suction  is  applied to  the  tubing.  A 
small piece of the intestinal mucosa is thus drawn 
into and occludes a  small opening in  the capsule. 
The  partial  vacuum  so  created  triggers  a  knife 
which both cuts the tissue and closes the opening, 
thus preventing both the possible loss of the tissue 
and its exposure to gastric juice as the capsule is 
pulled back through the stomach. Under favorable 
conditions the time required to recover the biopsy 
material is  about  1  minute.  For  the  six biopsies 
from  normal  individuals which  provided  the  15 
specimens  upon  which  this  communication  is 
based,  the  total time lapse from  the moment  the 
knife  was  triggered  until  the  specimen  was  im- 
mersed  in  the  fixative was  ~,  1,  ll/fi, 2}4,  2}% 
and 2~/~ minutes. The 2}~ minute periods resulted 
from  the  necessity  of  subdividing  the  sample 
prior to immersion in the fixative in order to pro- 
vide samples for  other  techniques. 
As there were not,  to our knowledge, any pub- 
lished  electron  micrographs  of  human  intestinal 
epithelium,  we  have  judged  our  specimens  pri- 
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marily on the basis of the extensive work of Zetter- 
qvist  (7)  on  postmortem  damage  in  the  jejunal 
epithelium of the normal mouse. A few specimens 
of  human  epithelium  which  had  been  withheld 
from  the fixative for  10 minutes showed  changes 
similar to  those  reported  by Zetterqvist.  Specifi- 
cally, we have considered as evidence of postmor- 
tem damage: vacuolation within the mitochondria, 
vacuolation of the ground  substance of the cyto- 
plasm,  and  enlargement  of  the  membrane-bound 
vacuoles normally present in the cytoplasm. 
In  general,  these  specimens  have  appeared  to 
us to be very satisfactory. They were characterized 
by  considerable uniformity  over  wide  areas.  No 
instance was  noted  of gross postmortem  damage 
within a  cell which  was  surrounded  by well pre- 
served cells, a  condition said by Zetterqvist (7) to 
occur  occasionally  in  samples  which  had  been 
placed in  fixative within  2 minutes  after  the  de- 
capitation of the mouse. Only a very small portion 
of the mitochondria have shown even slight vacuo- 
lation,  and  there  were  almost  no  instances  of 
appreciable vacuolation of  the  ground  substance 
of the cytoplasm. Enlargement of the cytoplasmic 
vacuoles  was  the  only  serious postmortem  arte- 
fact  seen.  However,  of  the  fifteen  specimens  ex- 
amined this was found in only three, all of which 
were  from  a  single biopsy. 
Intercellular spaces, which in our specimens were 
prominent near the tips of the villi and rare in the 
crypt areas, are considered by some investigators 
to be a  fixation artefact and  by others, including 
Zetterqvist,  to  be normal structures.  Our  results 
thus far incline us to the latter opinion. This does 
not,  however,  exclude  the  possibility  that  the 
apparent  size  of  the  intercellular spaces  may  be 
influenced by the conditions of fixation, but, if so, 
our  results do not  indicate any dependence upon 
the length of time the biopsy was  withheld from 
the fixative. 
The two figures presented here are typical illus- 
trations of the state of preservation of the tissue. 
Fig.  1  is  a  survey  chosen  to  illustrate  the  uni- 
form  appearance  of  the  tissue.  Figure 2  demon- 
strates the  typical condition of the mitochondria; 
i.e.,  those  organelles  generally  considered  to  be 
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In summary,  sufficient work has  been done  to 
demonstrate  the  value  of  the  intestinal  biopsy 
instrument in the  collection of  specimens for  the 
study  of  the  fine  structure  of  human  intestinal 
epithelium.  The  extension  of  the  work  to  the 
study of changes in the epithelium, both functional 
and  pathological,  requires  a  careful  characteriza- 
tion of the normal tissue based on a  large number 
of samples; this work is now in progress. It should 
be  noted,  however,  that  the  specimens  obtained 
are random samples taken from a  given region of 
the small intestine, and, therefore,  applications to 
pathological  studies  will  have  to  be  limited  to 
those  in  which  generalized  changes  in  the  epi- 
thelium are to be expected. 
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EXPLANATION OF PLATE 83 
Human jejunal epithelium. The tissue illustrated here was placed in Palade's buffered  osmium tetroxide fixa- 
tive 2~ minutes after the Crosby intestinal biopsy capsule was triggered. 
FIG. I. Survey showing columnar epithelial cells and two goblet cells (G) in longitudinal section.  The extreme 
interdigitation and the extension of the intercellular space  (S)  to a position above the level of the nuclei in the 
region of the goblet cells is typical. (N)  is a nucleus and  (C)  is a  capillary. X  4700. 
FIG. 2. A typical field of mitochondria. X  56,000. THE  JOURNAL  OF 
BIOPHYSICAL AND BIOCHEMICAL 
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